Background
Introduction of the study was obtained from the local Ethics Committees on human experimentation of "Casa Sollievo della Sofferenza" Hospital, represented by Cardinal Elio Sgreccia, Sister Elisa Cipollone, Dr. Rosa Giuseppa Frazzica, Dr. Giuseppe Fasanella, Professor Antonio Mangiacotti, Dr. Salvatore De Cosmo, Dr. Nicola Giuliani and Dr. Antonio Melchionda. Written informed consent for research was obtained from each patient. 
Patient's recruitment
From
Inclusion/exclusion criteria
Inclusion criteria were 1) Caucasian race, 2) written informed consent, and 3) a diagnosis of advanced atherosclerosis defined as carotid occlusion or severe stenosis (reduction of the vessel lumen greater than 50% evaluated with ultrasound) and/or lower limb ischemia II or III stadium Leriche-Fontaine (estimated by treadmill test at 12% inclination and 3.5 km/h speed) as already reported [33] . Exclusion criteria were presence of 1) not critical carotid atheroma, 2) I stadium Leriche-Fontaine (defined as asymptomatic arterial disease), 3) IV stadium Leriche-Fontaine (represented by gangrene of the lower limbs), 4) cancer with an expectation life less than six months, 5) clinical diagnosis of Alzheimer's disease. A summary of the study design was reported in 
Clinical evaluation
Medical status was collected by a structured interview, a clinical evaluation, and a review of records from the patient's general practitioners. In detail, patients underwent a clinical and laboratory examination for history of cancer, smoking habits, obesity, arterial hypertension, dyslipidemia, type 2 diabetes mellitus, as described in previously [33] and according to criteria of "The Third Report of The National Cholesterol Education Program" (NCEP ATP III) [34] . Lastly, serum concentrations of 25-hydroxy-vitamin D (25-OH-Vit D), erythrocyte sedimentation rate (ESR); homeostatic model assessment-insulin resistance (HOMAir); high sensitivity-C reactive protein (hs-CRP) and fibrinogen were assessed in all patients. Moreover, we assessed by strict analysis of clinical documentation the presence of previous CVD, defining as myocardial infarction, stroke, carotid or lower limb revascularization and myocardial reperfusion procedure.
At enrollment, arterial stiffness was evaluated by non-invasive method of brachial-ankle pulse wave velocity (PWV) and augmentation index using the AngE System (Sonotechnik, Austria, Europe), as already reported [33] . Standard 12-lead electrocardiogram and echocardiogram have been performed for determination of heart rhythms, PR, QRS, QTc intervals, bundle branch block, and for measure left ventricle ejection fraction (LVEF) and ventricular mass, respectively. The estimation of left ventricular mass index (LVMI) was performed dividing left ventricular mass to body surface. Doppler ultrasound examination was used for study course and size of the abdominal aorta, stenosis of carotid, vertebral, subclavian, renal, iliac, femoral, popliteal and tibial arteries. Renal resistance index was calculated at the renal hilum.
All the participants underwent a mean follow-up of 31.65 ± 21.11 months (range 6 to 50 months, mode 42 months). At follow up we have evaluated major adverse cardiovascular events (MACE), defined as myocardial infarction, cerebral ischemia, myocardial and/or peripheral revascularization and cardiovascular death (included all deaths for heart failure, myocardial infarction, stroke, malignant arrhythmias and sudden death). Furthermore, as additional data were recorded all deaths from malignant tumors.
Genetic analysis
Genomic DNA was purified from whole blood by using standard methods [35] . The APOE genotypes were identified in blinded fashion as previously described [36] . The observed genotype frequencies were 10.47% for the ε2/ε3, 68.99% for ε3/ε3, 19.38% for ε3/ε4, and 1.16% for ε4/ε4. No ε2/ε2 or ε2/ε4 genotypes were identified. No differences were observed in respect to the expected Hardy-Weinberg frequencies (p = 0.622). According to these genotype frequencies, the estimated allele frequencies were 5.232 for the ε2 allele, 83.915 for ε3, and 10.853 for the ε4 allele. Agreeing to the APOE genotypes, patients were grouped as ε2 (ε2/ε2 + ε2/ε3), ε3 (ε3/ε3), and ε4 (ε4/ε3 + ε4/ε4) and the ε3 was used as the reference category (wild type).
Statistical analysis
Continuous variables were reported as means ± standard deviation (SD) as well as categorical variables were reported as percentages. Dichotomous variables were compared by using the Overall, no differences were observed between comorbidities, smoking habits and concomitant drug treatments of patients at baseline, as reported in Table 2 .
Cardiovascular adverse events at follow-up according to APOE genotypes are presented in Table 3 . As compared to ε3, in ε4-patients a significant higher incidence of MACE (35.58% vs. 20.79%; p = 0.025), as well as carotid (15.09% vs. 5.06%; p = 0.014) and lower limb (13.21% vs. 1.69%; p < 0.001) revascularizations were observed. Accordingly, an higher incidence of total peripheral revascularizations (defined as carotid plus lower limb revascularizations) in ε4 was observed (22.64% vs. 5.06%; p < 0.001). Notably, an increased cancer-related mortality in ε2-carriers was also observed respect to ε3 (11.11% vs. 2.25%; p = 0.018).
Events-free survivals associated to the APOE status were presented in Fig 2. As compared with ε3, ε4-patients showed a significantly lower MACE-free survival (p = 0.040, Fig 2A) , and lower total peripheral revascularizations-free survival (p < 0.001, Fig 2B) . No statistically significant difference was observed between free survival curves from total deaths (Fig 2C) .
Prospective analysis ( Table 4 ), showed that ε4-carriers, in respect to ε3, have a higher risk of MACE (adjusted HR 1.829, 95% CI 1.017-3.287; p = 0.044), and total peripheral revascularizations (adjusted HR = 5.916, 95% CI 2.405-14.554; p < 0.001) as resulted from the single revascularization item of carotid (adjusted HR = 3.550, 95% CI 1.291-9.765; p = 0.014) and lower limb (adjusted HR = 9.607, 95% CI 2.405-14.554; p = 0.002).
Discussion
The present study analyzed the association of the APOE polymorphism with the incidence of cardiovascular events and death occurred in a short-term follow-up study of a cohort of 258 patients affected by advanced atherosclerosis. Our results showed that the ε4 allele seems to be risk factor for MACE, and in particular for total peripheral revascularizations in these patients. Notably, our study focuses on a very-high risk elderly population, affected by known peripheral atherosclerosis with large prevalence of previous major cardiovascular events (stroke, myocardial infarct, peripheral and cardiac revascularization) and presenting traditional risk factors already managed by a tailored treatment approach. Most part of previous studies analyzed several genes in population affected by mild atherosclerosis, thus enrolling patients at not very-high cardiovascular risk [25, 37] .
The other part of these studies are represented by large epidemiological studies with medium-term follow up [38] . More recently, the SMART study analyzed APOE relation with PVD in a wide sample of patients aged 56.7 ± 12.4 years (72% of subjects with manifest CVD and 28% with only risk factors), showing incidence of more cardiovascular events and peripheral revascularizations in ε2/ε2 subgroup; otherwise, this relation was partially explained by different non-HDL-Ch and inhomogeneity in previous events, not present in our population [28] .
The present study is a small, single-center study with a short follow-up. Nevertheless the population is homogeneous and well defined for clinical and therapeutic characteristic. Accordingly, in this condition we have found an increased incidence of MACE in ε4-carriers, and in particular a significant incidence of lower limb and carotid revascularizations in this group. The present study finds no association between the polymorphism and all-cause mortality as a previous study on Italian diabetic patients [39] . Although some studies have shown increased risk of myocardial revascularization and adverse events after coronary artery bypass in ε4-carriers [19, 40] , in our population we did not replicate this finding; at least a selection bias could be represented by abovementioned selection criteria.
In the evaluated population, we found a significant increase of cancer mortality in the ε2-patients; this finding has not been declared as the object of the study; nevertheless, this result, partially corroborated by scientific literature [41, 42] , yet still controversial at some meta-analysis [43, 44] , remains of interest for further studies. Our study follows an observational prospective approach, therefore we can only infer association link, more than causal relationship; however this limit is common to many previous researches. A longer follow up and the enlargement of patient number could provide a better understanding on the role of APOE in patients affected by advanced atherosclerosis.
In several multiethnic studies, APOE polymorphism did not have a strong correlation with BMI [12, 45] ; once again our study, according to research on ethnically homogeneous populations in Croatia [46] , showed higher BMI in ε2-carriers compared to reference group. Furthermore, we found lower BMI in ε4-carriers. These differences, within ethnically homogeneous populations, could be explained by the action of adjacent genes, segregating in linkage disequilibrium with APOE allele [47, 48] .
Previous study of Huebbe et al. shows higher vitamin D levels in mice and humans ε4-carriers [49] ; otherwise our data show significant lower level 25-OH-Vit D in ε2-patients. Since lower level of 25-OH-Vit D are associated to artery calcification [50] , this could explain the relationship between dissimilar calcified atherosclerosis in ε2, ε4 and ε3-carriers. Of great interest, a different at atherosclerosis process based on various grade of atheroma and wall vessels calcification could determine a plaque stabilization, as suggested by Nandalur [51] , inducing a slower disease progression in ε2 than in ε4-carriers.
Evaluation of PWV showed that ε2-carriers have greater arterial stiffness, expression of vessel calcifications burden [52] . Instead of the study presented by Alvim [53] , our results could be determined by ethnic homogeneity of our population; at same time, in our cohort, the PWV shows a correlation with ventricular mass indexed in ε2-patients, expression of organ damage, yet the evaluation of arterial stiffness was not able to stratify the cardiovascular risk in the setting of advanced atherosclerosis during follow-up (data not showed).
Analysis of lipid levels in enrolled patients has not showed significant differences regarding to the APOE polymorphism, as already receiving optimal statin treatment for secondary prevention. The known complex association between apolipoprotein E and lipid levels justifies the genetically determined risk of developing CVD. Moreover, numerous scientific evidence showed that apolipoprotein E plays a pleiotropic effect beyond dyslipidemia; in particular, at the level of atherosclerotic plaque the expression of apolipoprotein E by macrophages might have an important role in the determination of plaque instability not only attributable to the progression of the degree of stenosis [54, 55] .
Literature showed that atherosclerosis is an inflammatory disease within the arterial wall, responsible for several important events such as coronary and peripheral vascular disease [56] . In the studied population, ESR and hs-CRP do not correlate with aggressiveness of disease observed in ε4-carriers. It could be due to patient's characteristics, affected by already severe atherosclerosis at enrollment, or to an independent and important role played by the gene. In our population, APOE4 provide further cardiovascular prognostic stratification; this finding implies a huge role of APOE polymorphism for better shaping individual additional residual risk stratification. Although recent analysis are not conclusive in cardiovascular event prediction by using genetic risk score [38] , in the future, this could lead to an improved clinical decision making by more aggressive treatment of those subjects at greatest genetic risk, economizing treatment for those at less risk, and therefore translating pharmacogenetics and individualized medicine in finer health system cost-effectiveness [57] .
Conclusions
In our cohort of patients at very high-risk of cardiovascular events the APOE4 may be used for a further prognostic stratification for MACE and peripheral revascularization, adding more information useful for individual residual risk determination. Prospectively, this finding would improve pharmacogenetics, leading to the "best marriage" between individualized medicine and health system cost-effectiveness. Clearly APOE polymorphisms represent just a brick in the Great Wall of atherosclerosis building, yet still having a definite weight in the physiopathology of this complex disease.
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